The function cycle of an automatic weapon is the key point for investigation of all activities carried out during firing [1] . Knowing the force of recoil and the corresponding action time helps in studying the dynamic characteristics of a weapon. In old techniques; recording of function cycle depends mainly on studying the motion of the breech block carrier, upon which basic dynamic characteristics are berried and can not be represented. These omitted characteristics represent impacts, strain resulting from impacts, as well as the forces causing instability of weapon during firing [2] . The difficulty in recording these phenomena is referred to the difficulties of mounting the sensing elements on highly retarding components; especially in high caliber weapons.
1-INTRODUCTION:
The measuring setup is constructed of two main blocks, the first one belongs to the weapon mounting devices, while the second block explains the set of electronic devices used in measurement, as well as the sensing device used for detection of the stress signal. Celens and Plovie [6] , studied the recoil force of automatic weapons, two measurements configurations were used, one for obtaining recoil displacement and acceleration versus time while the second was used for measuring recoil force versus time. The operating mechanism of the weapon itself influences the recoil parameters considerably. Furthermore, a butt stock device enables the comparison between the recoil measured on a test fixture and the real recoil parameters. Besides, it has been assured that the recoil impulse can be reduced by more than 20 % by means of a specifically designed muzzle brakes.
2-EXPERIMENTAL TEST RIG :
An experimental set up is constructed for the investigation of recoil force of the Automatic Rifle (7.62x39 mm AKM). In spite of the difficulties in recording the function cycle and recoil force of the mentioned weapon, the measuring set up allows measurement in case of single and automatic firing. A series of impacts, each one explains a certain phenomena taking place during firing. General view of the test rig and the instrumentation is given in Fig. 1 The weapon is firmly fixed on a special test stand, such that the fixation guarantees rigid clamping of the weapon during firing, clamping fixes the barrel group as well as the casing of the weapon and satisfies the following requirements:
-It does not allow motion of mounting carrier in lateral directions.
-Barrel and muzzle point are free to move in all directions.
-The system of the whole weapon allows axial retardation. 
2-1 Muzzle brake:
It is an additional attachment mounted on the muzzle point of the barrel in order to reduce the effect of recoil energy on the stability of weapon, this in turn affects the accuracy of firing. The proposed muzzle brake is specially designed for small caliber automatic weapons, for more details see Fig.2 . Fig.2 Muzzle brake cross-section in longitudinal section
2-2 Measuring devices:
The measuring devices which are used for experimental investigations of recoil force for automatic rifle AICM 7.62x39 mm are listed as follows (see Fig. 3 In order to measure the recoil force, a piezoelectric forc e transducer (type 8200 B&K) is assembled against a spring to the back plate, which is fixed in the fixture as shown in 
3-RESULTS AND ANALYSIS OF RECORDS:
As the recoil force recorded within time duration of 100 ms, this time is considered such that the record covers the phenomena during a full characteristic cycle of the weapon, considering this period of time makes the signal including all the dynamic responses taking place, while the tape recorder and the analyzer record the same event but with different resolutions, as the above signal recorded as an output of the force pick up. These records allow focusing on different activities taking place during firing, it also focuses on the position and time of maximum recoil force.
The repeatability of records either from the data acquisition system or the tape recorder; working with the multi-channel oscilloscope; proves the credibility of records. Applying the records as shown in Fig. 4 and Fig. 5 , the analysis reveal the following main points: *Every time the recoil force varies slightly during the period of time t1 , this force corresponds to the excitation generated from the impact of mechanical hammer which affects the system axially in forward direction. At the same time; the peak recorded during this period of time is related to the force of gases branching at the gas unit, the amplitude of which reaches 400 N. *At time t2 z8ms; the projectile exits the muzzle affecting the whole system with recoil force of amplitude ;.-.2400 N, this force recorded at 2nd peak represents the maximum impulsive recoil force, this force approximately equals in magnitude to the momentum of projectile leaving the muzzle with value (mV) *At the third period, t3r , -.12.5 ms; revealing the impact at the end of under-slide track, and it has the amplitude = 600 N. The fourth period, t42117 ms, represents the impact due to unlocking of breech block at the beginning of its backward motion, and it possesses the value of force --::300 N. *Fifth period; t5g.-21 ms, during which the impact due to extraction of empty cartridge case from the barrel takes place, and its value reaches 500 N. *Sixth period; te: 27 ms, during which the impact due to ejection of empty cartridge case outside takes place, and its value reaches= 150 N. *Seventh period; t = from 36 to 45 ms, during which the impact of moving parts at the extreme rear position takes place , and its value alternate around 120 N. *Eighth period; t8=--. 49 ms, explains the impact of moving parts during start of their motion together; (breech block & breech block carrier); and the peak of this impact records the magnitude of 150 N force.
The analysis of amplitudes of the impacts and their corresponding time reveals the activities taking place during the function cycle of an automatic weapon, according this precise determination of dynamic force taking place at each event; it allows the designer to design precisely the different weapon components instead of mislead due to errors in theoretical determination of their values. It also allows precise evaluation of the efficiency of muzzle brake, or even the performance of any additional muzzle device whenever used. analyzing the signals received from recording recoil force history, since all events of weapon mechanisms were clearly appear in the recorded signals of the measured recoil force. 2-Using a muzzle brake reduces the maximum longitudinal dynamic strain near the free end by about 24 % and near the constrained end by about 6 %. In the case of dynamic circumferential strain, the reduction was 49 % near free end and 8 % near the constrained end. Moreover, the recoil force is reduced by about 28 %.
